INTRODUCTION 48
Ca induced fusion reactions on heavy actinide targets have been investigated since 1999 at FLNR, Dubna [1] . Results on the discovery of many isotopes and new superheavy elements (SHE) Z = 113-118 convincingly were reported since 2004 and presented in a review [2] . Recently, the discovery of 283 112 was confirmed [3, 4] . Production cross sections observed at FLNR reached a level of 5 pb for elements Z = 114 and Z = 116. The 1 pb level was reported for the forma tion of Z = 112 and Z = 118. Also the odd elements Z = 115 and Z = 113 were produced in the range 1-3 pb. The mentioned orders of measured cross sections assume that not only experimental apparatus, espe cially the detection systems, operate well during the long term experiments, but some statistical models for results interpretations are of appropriate quality. All these results were obtained at the Dubna Gas Filled Recoil Separator (DGFRS), the mostly advanced facility of FLNR [5].
STATISTICS MODELS FOR RARE DETECTED SEQUENCES
In nuclear physics, especially in the experiments aimed at the discovery of SHE (or/and isotopes), the technique of delayed coincidences is widely used for detecting time-energy-position correlations among signals of different groups.
There are two aspects in establishing the signifi cance for the existence of true correlation:
1 The article is published in the original.
⎯Consideration of the possibility that the random background of uncorrected events could simulate a correlation is required.
⎯Estimation of the compatibility of the parame ters of the observed events with known properties of some numbers in the considered event chain should be under consideration too.
It was K. H. Schmidt who first recognized the mentioned problems and epitomized a compact theo retical approach for numerical consideration [6] .
Note that additionally to this approach, another theoretical model was formulated in [7, 8] .
These theories are known as LDSC (Linked Decay Signal Combinations) and BSC (Background Signal Combinations) models, respectively ( Fig. 1 , schemat ically).
Having mentioned these approaches as classical, one should take into account the existence of a differ ent approach to the problem basing on some Monte Carlo calculations [9] .
The goal of the present paper is to modify the approaches reported in [6, 7] relative to the experi mental method of "active correlations" which was extensively used to suppress background signals in heavy ion induced nuclear reactions [10] [11] [12] [13] [14] . An approach described in [9] is outside the scope of the present paper.
CORRELATION ANALYSIS: SCHMIDT EQUATION FOR CORRELATION CHAIN WITH PARTIALLY FREE ORDER
The a priori knowledge of the order of the events in a possible true event chain may be limited. In [6] Abstract-Basic approaches by K. H. Schmidt and V.B. Zlokazov to estimate the probability of registered multichain event to be explained by random coincidences are considered. A specific feature of the long term experiments aimed at the synthesis of superheavy nuclei with the Dubna Gas Filled Recoil Separator is usage of a real time mode for radical suppression of background products. In fact, this assumes that the first corre lation group, namely, recoil-alpha correlation, stops target irradiation for a short time and the forthcoming signals are detected in more favorable background conditions. Due to the application of this detection mode the first recoil-alpha chain can be considered as a "starter" for the detection of the forthcoming alpha par ticle signals with high background suppression. This fact is taken into account in the given PIPS detector sta tistical model. DOI: 10.1134/S1547477111040169
METHODS

OF PHYSICAL EXPERIMENT
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No. 4 2011 section 3.2) one case which is characterized by the condition that possible decay sequences are known to start with the events E 1 of group 1 is considered. The events of the other event groups (E 2 to E K ) may appear in any order, but at least one event E i must appear within the time limit Δt 1, i . The equation for numbers of random events n b was obtained in the form (1) where T is an effective time of the experiment (see [6, 9] ); λ i is the rate of events of i type; K is the number of chains in the multievent; dp 1, i /dt is the probability density that an event E I is followed by an event E i after the time distance t. For the case of the condition (λ i + λ 1 )/Δt 1, i Ӷ 1 being true the above equation can be simplified as (2) 3. METHOD OF "ACTIVE CORRELATIONS" FOR BEAM ASSOCIATED BACKGROUNDS SUPPRESSION Usually, to reach high total SHE experiment effi ciency, one uses extremely high (n × 10 12 to 10 13 pps, n > 1) heavy ion beam intensities. It means that not only irradiated target, sometimes (frequently) made on highly radioactive actinide material, should not be destroyed during long term experiment, but the in flight recoil separator and its detection system should provide backgrounds suppression in order to extract one or two events from the whole data flow. Typically, the DGFRS provides suppression of the beam like and target like backgrounds by factors of ~10 , respectively. Nevertheless, under real circumstances, total counting rate above approxi mately one MeV threshold is about tens to one-three hundreds of events per second. Therefore, during, for example, one month of irradiation about 30 × 10 5 × 100 = 3E + 08 multiparameter events are written to the hard disk during a typical SHE experiment.
To avoid a scenario that result of the SHE experi ment (one to three decay chains per month) can be represented as a set of random signals, the real time search technique to suppress the probability for detected event to be a random one has been designed and successfully applied.
Note that in the reactions with 48 Ca as a projectile, the efficiency of SHE recoiling products detection by both silicon and TOF detector is close to 100%. Namely, recoil first (second) correlated alpha decay signal was used as a triggering signal to switch off the cyclotron beam for a definite (seconds to minutes) and, therefore, detection of forthcoming alpha decays were in fact "background free" (see Fig. 2 ). The basic n b λ 1 T dp 1 i 1
idea to apply such a detection mode is to transform the main data flow to the discrete form [10] [11] [12] [13] [14] [15] . Considering in the above described process a defi nite order correlated pair recoil-alpha E 1 E 2 as a starter signal ≡ (E1 ∩ E2) for forthcoming sequences of "α" decays and following the philosophy of [6] , one can rewrite Eq. (1) for the given case in the form (3)
Here the parameter denotes not any single sig nal rate per pixel, but a rate of correlations/pauses generated by the detection system during a long term experiment. Therefore, if N stop is a total number of Ê 1 n b λ 1T dp 2 i 1 
